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(57) Abstract: A surface position detection apparatus (100) comprising a light transmitting system (8) for projecting a detection 
light onto a surface (S) to be delected, and a light receiving system (9) for receiving a reflection light from the surface (S)to be 
detected, the surface position information of the surface (S) to be detected being detected based on information obtained fit)m the 
light receiving system (9). A plurality of lights LI . L2 as detection lights are projected on to the surface (S) to be detected at different 
incident angles 6i, 0 a- Surface position infonnalion can be corrected based on reflection lights from the lights LI, L2 even when 
the refractive index of a medium on the surface (S) changes with a change in temperature. The surface position detection apparatus 
(100) is useful for an immersion exposure system. 



r^(57)^$?j: ooit. «tii3t^««lffisicJ9:S*t-SiS*^8 *a)««feffiS3b>€>(Z)JE«3t€S 



wo 2004/053957 Al lilliiiiliiiiliilil 



(81) fi^B (BP^)- AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR. BW. BY. BZ, CA. CH, CN. CO, CR. CU. CZ, DE. 
DK, DM, DZ, EC, EE, EG, ES, H, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, KE, KG. KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NI, NO, NZ, OM, PG, PH, PL. PT, RO, RU, SC, SD, SE, 
SG. SK, SL. SY, TJ. TM. TN, TR. TT, TZ, UA. UG. US. 
UZ, VC, VN. YU, ZA. ZM, ZW. 

(84) t&SlI rJ£«^: ARIPO (BW. GH. GM. KE. LS, 
MW, MZ. SD, SL. SZ, TZ, UG. ZM. ZW), ^ T *# 
» (AM, AZ. BY. KG. KZ, MD. RU, TJ. TM), B-U^j 



(AT, BE, BG. CH, CY, CZ, DE. DK, EE, ES, R, 
FR. GB. GR, HU. IE, IT. LU, MC, NL, PT. RO. SE, SI. SK. 
TR). OAPI (BF. BJ. CF. CG. CI, CM. GA. GN. GQ. 
GW. ML, MR. NE. SN, TD, TG). 



wo 2004/053957 



PCT/JP2003/015736 



So 

©s^S-hicfe^-r?.. i^t>*p * h *j 'J y ^(D^miz J: y) mitt ti^o z.<d 

m%mmz\±. ^s^7fe^^a)^®(3^^UT■stsOT^•&t)^t^itr^to(c:^ &m.mm 
±y.^ai^ (A F^ai^po izit. 654 s-^is^fgizf^^^tiT 

Tfei)o ^A*f:S-^®AF^a3^-e(±. Ell 0 (a) <Dm^miZ7sk-tJ:olZ^ 

:^\aiiztsif^tS&m'mn^^thi-^ztt^-x:^^o 



1 



wo 2004/053957 



PCT/JP2003/01S736 



R^fe^ffaitl^li. /5l^h|5l^(c:^,'^gi?Jg (DOF) t,m^i:3&:So ft?^J^Rx 

R = k,-A/NA - (1) 

<5 = ±k2 • A/N A2 ..• (2) 

9 9/4 9 5 0 4-^4}f$B(z:^^^tlT:ui))?S^S>^A^*llg^tiru?)o Z:(7)}^jS^;iliv 

■g-x ^Jx.(^ia^^<b^l-*gBLTitf*:©StffW^<bt-5^x mi 0 (b) (D^^ 
feofet,©*^ SJ/f^^'fb^'Cl*©' ®J:aic:mb-r5i:t^a^tP^A<^i:5o A 

g^®icAi«i-ri>*^{±i7feL (mRmmx'CDKmyt) ©{is^^'^'tiru^t^s af^ 



2 



wo 2004/053957 



PCT/JP2003/015736 



jf$fi£-^ •& h ® ^ •& B7t:;&>i cDiifft ^ ^ 4 (D g h ^ § o 
® (s) ©®tes^^th-ri>®tes*tai^s-efeors 

(S) lc:iSS*-r§3ll3fe^^ (8) h ; 

(s) ;b^e>oDSl^^^S3t■ri>S7t^ (9) ^ ; ^mx^misLm^thmm 
(1 0 0 ) *<iSitt^tiSo 

. (PL) (zicfciQStfi (p) ±iz^m\^-c. (p) ^m^-t^m^i5'/ki:^'o 

r : 



3 



wo 2004/053957 



PCT/JP2003/01S736 



mmrnm ( s ) iz^mcD^m^ ( l u l 2 ) ^mtj^^xmn ie,. e^) 7? 

^m-r^t.t^\Z.. mimM (S) f^i^a^K^^ (L1 r. L2r) ^fe^^f^d 
hl3«fcoT. «lth^ (L K L 2) ^Xfm^^ (L 1 r. L 2 r) ©^SS(Z)M/f^ 

x'X^ (M) (0/'f^->G)^^^fJ^^^ (PL) (::J;i9^i*S (P) ±.\zm^-t 

zi^%Bm^3(Dmm\zm.x\t. ^\h%^^^m (s) ic^st-rs^t'fei^. 

^ttl^inUT^ )^:^CDM^i.^tife©3te^1ife^® (S) \Z^m-t^^^%^ (8) 

^St^® (S) 5b^e>©SI^^=&S^1-^^^^ (9) h ; ^«ix.5®CLm^iJi^g 
(10 0) 

(PU) l3c):>?St5 (P) ±l::^f^ur. (P) ^^:)fet-i)M^;?^>iTfeo 



4 



wo 2004/053957 



PCT/JP2003/015736 



T: 

TT.^ (M) (DJ^^-XD^iSiB^^^ (PL) ^rtn^LTStS (P) ±lcHS^ 

^r:,.^mmm5(Dmmizmx\t. ^s^^fe^m (pl) lz:ck'9}^s^* (so) ^ 

^Lr^t^->©0^S*S (P) ±iz:iS^LT. »4S (P) ^mmmzfft^mift:^ 

^^^^^ (PL) ( P ) h(Z)FB^a)li>J&: < hfe— (50) "eJtfe 

iSi^Tfe^.^ (PL) ( P ) iiCDmcDmi^ (50) cD>SJ^tf$S*7fe^6Ui::^^ 

^^^^^ (PL) ClcfcOiSf* (5 0) ^-ft-LXJ^^-XD^^^^ (P) ±13 



5 



wo 2004/053957 



PCT/JP2003/015736 



|l|T-fe?»o 

El 8 (a) (b) I*. lt:0-iiM^^-r«^[ilT:fe?)o 

lai 0 (a) ;Rt/ (b) (i. t^£*£DPM^Ift0^-r2)^«)(D*I^ElT:fci)o 

l-iLTs :*:^B^CD®iiS^itJiim;5^tJ^^:)fe7^^l30l>r|llM^#aiL^*<e.iJiB^-r 

■i7M(D>'ti$'->(D^^ 7" - 5>- P S T lz:^J#^ *^•r u § P (d^^^^-r i> 
iSi^T^^^P Lhs l^1t®iiLT:ro*^^P(Da®ScD®fe«'f»$S^^ai1-?)®(u^ 



6 



wo 2004/053957 



PCT/JP2003/015736 



*ft:^[pjii-r?)o ^)c. x$ii. j^vzn^t:>r)-^\ai^^Mti. ex. ©v. 

^CDBB,BJfii^E(iHlB^^^^ I L (z cfc 0 i^-TSjmj^tS'^^STfe^ E L -cmBE^ti^ o 

nm) (DU V^) -^x A r FJi=^S^'^l — if^ 9 3 nm) 

j^^f^l^-if^ (^^^1 5 7nm) ^00^^^^^^ (VUV^) feir*<ffiue>tl 

^$itiAXiz:Sia35:™i*i. ^t^t>-bXYW-m\^-r: 2:!fi^^m'^^Rrfd z-^^izm 



7 



wo 2004/053957 



PCT/JP2003/015736 



(ig^^lt) a)iiiJE^ffa*saif#'l4i^SiiSPLC^^Lru5o 3c7)$g^#t±^ 
p L c li. mx\tn.m%^?k p L ^tt^-r u ^yxmcDf^mmmm 

^Sail^'ttl^M^M PLC C 0 N T "9 $iJ28i ^ ti-S o . 

S*5X-7^-5>'PST(ix S*5P*^#t^S*.®TfeoT. S*RP*S*57t?;U^^ 
XV:^-7^-i>*5 a^^^^S'^-I^S 3^l^^)gx.Tl^*o a45:^-7"-5>*PST(i'J 

-7^-^^©S*^;^7^-viEft!j^«p s T Di'«ki9iEi!j^ti<?)o 

ib^ap s T D(*$iJ^P^«C0NTi::ct o^iJ^^tii^o z;^7^-v5 1 -^mWi-t^ 

St5 p CD 7 :d- - :t» ^mn uxStR p ©a® tI-- h 7 7^ - * X 



8 



wo 2004/053957 



PCT/JP2003/015736 



t5^5^-vP S Tlz:^}t$*iTl\§S*5P®iiLa*tt)fefT-5o 

)^^T^mni^\zft:<ir^rz6biz. m.m)^^^mi-^o ^©^c^. t'tx'x^ 
M(3D/tt$'->®0*»sp±i-te^ (i^f^) Lrl^^rB^(i. m^pcDmrnii^^^ 
^^p L(D&mpm(D^^m'?-(D9c^m (ts) 7 iiomizpff^cDmws otmtz. 
:iF^mmmmizis\.\'c. mi^^s oizitm7\<^t^mi^'^Mo m7\<^it. a r f ji 

®*Pi|sS (g*Sx hJlll. ili) ;RtJ^K rF3i+5>VU— tf^ ()&:^2 4 8nm) ^® 
m^^Wi E X It. ik^^^^ P L (D^IQm 7 iifttS P hCDF^CD^Fa^ 5 6 lzm^(D 

:Rtf^m 5 6 izn Lx^^-t^mw 5 0 ^m^<D',^mzmm-r^}^mm.mmtj: t: 



9 



wo 2004/053957 



PCT/JP2003/015736 



lillR y XJl^ 5 tir t ^ § o Jlfe#:|eIi|Xg-g 2 (±Iill|X ^ X^U 5 RXf^URm 6 

UT^F^ 5 6 (Omi¥ 5 0 feifilJjX-rSo 5 6 IZ^i^ 5 0 $iJ^^gC 

iftL. Is]i|X^XJl/5;RI>'lHlJJXW6^&:n^UT#iiLB^FB^^/c'9F/f^»©)^^ 

5 6J:0l5liJX-ri>o c:;h.lJ:ct 0 . ^S^7t^^PL©$ti^®7i:a*5P h®F^G)^P^. 

5 6 \zm^A<Dmi^ 5 0 ti^ o 

iig^tti^siib-ccD^- h7*-*;^^ai^si oo(3ourui0^-r^o 

(L 1x L 2) ^fe*gP05*® (1*^®) SlZl$M-r?)i^pt.¥.8h. M*5PCD^® 

i^Tfel^Sli. S*SProM(-MLT|g1 ®^t±i^L i;Rt/02©^i±l7feL 2 
CD 2 o©^^m3te4^5&S Alt^"^^«>^lRj*^ P S (z:tStt1-S.o ai^^ 
8 A^e»ro^tll7feL 1 s L 2©^tt^ti(±x TteSJaSP*^^ UT©}^^5te^^P LO)- 
gp (-gpro^^m^) X :5^t/^FB^5 6lz:>t^^;|^rL^2)>^^f*5 Ofe^LTStKP® 
a®Sl3*SSt^tL^o ClCTs ^tbTfeL 1 . L2fe^Si$3fe^l^PL(D-g3^^LT 
a*^P05^®Sl3mt^i)®(is i:kT(DJ:oti:mmizJ:^o iri3:t>-b^ ^m5 6lz 
pm^5 0:g:^^LriBS-ri)fctolc:i*s >]Sf*5 0(D^®?S;b^ltJ^Tt?.cfcaic:5g 
fUdlim^i (i^Jx.(i2'-3mm^Jt) lz:ig^^tL5:e>^*^fei)o LA^Ls C<Z)«fc 
•5*:5gild7:(*i^7tl^85!)^6.(D^th^L 1 . L 2 P ©a® S 

h^F^5 6l::>^t■|*5 OA<^^UTiBm^*T'&tNo :^%B^-n{t^ mih%L 1 x L 2«: 



10 



wo 2004/053957 



PCT/JP2003/015736 



^B^^^ P L (D—^^-ft- br**R P (Dmm S IZ^m-t^J^ -5 U ^©7:. 5 

AF^iU^gl 0 0(±. at5PcD^®St:©jSI*3fe*^e»f#64xi)S^^9(P^tb 

(3:*t-ri>StSPSlS©Ztt:&[$)(3fcI:f?)^;gF{ig :bx{iS) ^^toSo * 
fc. atSP^®lC:fcM±i)^tfe©#;i&T0D#7 7h^*:i(iLSfe*toSZ:i:l3d:i9. A 
F^ai^ai 0 OliS*SP(Z)Mf4^lS]G)^^^Aftto?.C:^'fe.Tr^§o A F^^lli^S 

1 0 0 cD^th^^mitmmmm coNT(:itB:b^ti. mm^w c o n t li a f 

iMTs AF^ffi^si oo<D^^m8{t. &^P(Dmms^zML■T:m^(Dxmf^e 
iTrmi ©itdj^feL 1 fe*sstt-^miiM7fe^8 At. &mpo:>mmizm.i:m ^ (D 
xmm e , t {tmtsi^^ 2 ©as*^ 0 2 2 (D^tUTt l 2 ^^M^i>^ 2 isi^t^ 



11 



wo 2004/053957 



PCT/JP2003/015736 



')/ h 1 1 TMJf^^tifc;^ 'J y KTfeli^ 1 cD^tb^L 1 LT> U > K U U > 
XI 2. UU-U>X1 3. :)fegS*fT*3ttlf^^-1 4s i|X^?iIE^¥®« 1 5. 

xfM^ u >x 1 6 Lr^^¥^ P L \zxm-t^ o J&fcs m P K (if»gpgp:& 

*LTfe»5. XU'V h^tt3<Z)r?aPgP5S:tn'Lrfef^3fe^^PLI=:Xi*-r5o ^Si^^ 

p (Dmm s Tss* L Ttm 1 co^ih% l i ccss*^ l i r imi^ 5 0 

3fe^l^PL©-gp5&:n^LT^1 S3fe^9A(z:§^^tb§o dd-p. l^f^PKfiKlP 

^ 1 S^^^ 9 A (is ^m^mm P L ^^n^ Lfe-KSt^ L 1 r *^AS*^ tiS^i^ U >X 
1 7 ts ilX^ffiIEffl¥Mfi 1 8 ^s Fjf^ODJlWTM-r^tllli^-^- 1 9 iis U U 
- U >X2 0 iis ^^;^J^J^^tiiEffli> 'J > K 'J U >X 2 1 X U 'v hJ|:^a)MP 
gi3:S:*-ri.^7tXU'y h 2 2hs ^J^(*f>'J=i> • ^:d- K ■ ^-T^t- KA^C)«;i)g 
^4z>tl-2 3^I5^1lix.Tt^?>o HI CD^iliTfeL 1 P CD^ci S TrOSS*^ L 1 

rtts M«^U>X1 7s HX^MIEfi¥®=K1 8s ^ii^^-l 9s UU-U>X2 
Os 5^'J>K'J*;UU>X2 1 s RZf^^7.^J^if h 2 2^:^hLTS^iz>-y-2 3(3 

So C:©liib5^-1 9(Dmmz^-DX. S^X'J S 2 2 (3J15^^tli.X U I- 

(DvSi^TfeLi r) '^mm-r^o z(dxv^>^ ^^j'^^-xDmcommizw^-oi:^ ^^x 

g 'i/ h 2 2CDPjgp§3!&ili§1-?>7tCD^sA<^fbt-5o ^TfeX U 'V K 2 2G)Pw^Pgp^ 
>liiLfe^(i§^-ti>-y-2 3(3^-rSo ClClTs S^X 'J 1^ 2 2®^PgP(Z>teg 

(is ^^B-efei)**sPG5^®s t^m^^JhP L(Dmnmtt^-^\^'ci\^ti^ 

(3s ^^X 'J 'y h 2 2©^PS3(D't'/l:,^*<X U 'y h/f^->©^^D^il|}tt"t^(3— 
?.J;-5(3lS(tbtiru?)o LfcA^cjTs S^-b>-y-2 3T^^^tLSXU'y K/ti$' 



12 



wo 2004/053957 



PCT/JP2003/015736 



CONTI^airb^tls $iJ^liSCONT(*. g7fe4z>-b-2 3a)g^$Smi3Sc5UT 

m2£D^tti7feL 2(Z)S*SPCD^®l::*t^i.ASt^^^2l-iS^i-'^»'^i>''^W'^ 
m 2 CD^^ai^feL 2 P^®-ea)^*r3t L 2 r ^^^T^^ 2 9 B 'fe^ 1 

|5|i;Mft=&*-r?)o ^SJ7fe^mPL®$fei^®7i:^*5P©^®Si;©gg||A< 
^ s a*5 P *® l-^SS*"^^ «t a 13 U T "fe J: t ^ o 
y^lz:. ±iliLfeA F^tb^ai 0 0^ffil^T«tfiP^DMS(D®^3im'tSfS^^/±l 

Eisii. ^1 X ^20[>^tti^L 1 X Lzmkm^^-ci^^&mpcommsT&mco 

^1 ^ m2(D^iii9cL 1 . L 2^ms.P(DmmsizM[^Tmmztkmir^o m^ © 
^ttiTfeL 1 (i/W5 o^i\'L-cxmf^9,i:mm.P(Dmmsiz^m^ti. mzco^ 

tilTfe L 2 5 0 L T Al*^ 0 2 P S ^ tii) o II K ^ 

20D^m^L 1 . L 2(3S::5<^1fiP<D^®ST©J5lt^L 1 L 2 r©^*i? 



13 



wo 2004/053957 



PCT/JP2003/015736 



Hit. ^1 s m2g7t^9 As 9 BClg^^H^o Z(Dt^. )^i^5 OliF/f^CD>^ 
$0D^1x ^2(D^i±i7feLK L 2(D^ti^-niia*5P<Da®S±l:i*JUT|5|i;{i 

5 0(Z)S*/f^n*<An;/cl:J-^<bLfei#-g-lz:oUT#x.i)o SJg^^bClct "9 s HI x 
m2)M^^8Ax 8 B3b^e.OH1 X m20D^th^L 1 X L 2 l±x 4^^^^^ P L A^ 

e>>|gf*:5 o^©#®-e©SJff^^^<b^-it?.o ci©M/f^©^<bic:#o-Cx mi x 

m2(D|tai3tL 1 x L 2©3t8SA<?t-^L 1 ' x L2' iZ^t" J;5l3^ijj Ux 
J:t)H1 cD^tU^L 1 ©S*5P<3D^®S(c:*'rt-i>AS*^*<0i*^e.0i' iz^^bLx 

-ri)i:x H1 CD^^tib^feL 1 CD^SStT^L 1 r (D^IEglig^^ 9 A(D3fe$*hSii:*::^[Rl 
(ZS§itD 1 ^tlTjKI^TteL 1 r' <ii«;i.o IWIfillZlx m2(D^tb3feL 2(DJStt7feL 2 
ra)^SS(iS^#^9 B©7fetthS]t*::6-I^)l3S§^D 2 *LTJ5*«r^ L 2 r ' htji^o 

Z ZT? X >?S<*©I1^ A<dT?fe «? X ^S.&mtiZ^rj-zm^ 5 0 CD@*ff^*< n A> e» A 
A0 = a r c s i n Cn/ (n + An) -sin© — (3) 

-e^i>o S^5Pa)^[SS©zf^;5•IR]'\©?^i!JA<*:^^h•ri)hx **gP<D^®©:7* 

Ad = d • Ctan (6> + A0) -tan^D / (2 tan©) -(4) 
^j&So 1-5&t)*x 1^mm^«Ad(ix >^f*:CDll*/f^^^bBfrl:ifcl:i-i>^m3feLl::ig 
^•^^tB LfcSt5P^®CD7*-:t>;^te§i:x mi^o^miff^^imizislf^^th^ 

L' izm^t^ti!,[^rcmKPm.m<Dy^-t>:^iimt<Dmmx'^^o 



14 



wo 2004/053957 



PCT/JP2003/015736 



L aODAtt^CD^-fbaAez { = 62' -62) t\^mtj:^^lZtj:^Ztt'^^^o ^ 

-e^So S4lz:ld;> >?^#: 5 0 Tb^lifeTK (^h) "CfeO. ikBife^F^?hP L(DU -=¥>'^^ 

n 1 ©^ai^fe L 1 (Dxmn e.t^Qo&.'mi ©^m^ l 2 ©as*^ e 

2*^8 5j^l3^^^tl-rU5J^-&. ?S#:5 OiiL-C©$ife7jc©igJ^*<T,A^e»0. 0 
l-C^-fbLTTgl-J&^fc^x El4J;i9. HI ©^iU^L 1 l3S^<3^*-*7. 
fi«©^ili^^« A d , fiijst) 2 0 n mTfe . 0 2 ©^tb^fe L 2 l3Sc5 
X-iiSro^t^dii^MAd zlii^S 0 nm-efe5o •tis^t>-^. |l|4(D0iJ(3J:tt(*s )¥ 
^ 1 mrx\(Dym (7lc) 5 0 ©j^J^A^' 0 . 0 1 "CmtLtcM^. 2 oO^iU^feL 1 . 
L 2(3So*< 7*-:bXiia©^ttSI^M*Ad,x AdaldliB 0 nm©^/)<±i: 

±ai©^ (3) . (4) 3b^€.B^e>A^&ck-5l3x ^aJ3fel2:ao*< 7:^-*X<u«© 
^tb^^fiAdtt. }^f*:©)Sj^^^b(cJ;i>iS*iT^©^<bl::l5im^J^So Lfe*<o 
Ts mi ©t^aiT^L 1 (CSoX 7;*--:5X(i[a©^i±J^^aAdihs Il2©^ai 
2lzao*< 7:i--:t»;^{i«©^ai^^s:Ad2h©^ (Adi-Adg) t.^^* 
©;^Jt^^bl3J:i>isg*/f^^<bl3l5ISJ:b<5?iJ-r^o ^5!J^(i\ 1114 ©M#l3^^t^r. 
igj^©0. 0 1 ''C©|g^bl3ctor>lS#:©JSJ/f^A^An^<bUfeh-rSi:x fe?>>SJ^ 
if-fbl^fclt-Sltttim^a©^ (Adi-Adj) A<30nm (=60nm/'2) © 



15 



wo 2004/053957 



PCT/JP2003/015736 



(Zi-Zz) l±x S=KPaM®l^l^l^l:;iiS*^ttll^'Ct^i>CD■^. >S<*©}SJg^ 

<b (js^ff^if^b) tmftiitmtL^i>^t\ mw(D}^^^it,izj:K>miffw^it-t 

^iis ^CD7*-*;^(iS0[)^ai^ (Zi-Zz) A^MJfl^^^-fbicit^JLTiSE^b-r 
:5.o ^(D-7:!i--:t»X{4g©^aiM (Z^-Zz) A>e.)?S<*:(7)S^^^ 

(Z1-Z2) iLSW^^-fbihroM^^iSttUrfc"?. AF^iJtl^ai 0 0^{^ 
•3T^tb^*T-fc7:il--*XfeaZi. Z2l-a-::Jt^T@*Jf^cD|g^'fb*5&*«)SC:h 

g(D^£iiS (Z1-Z2) A<}lS#:OD>SJ^^<b(Cli:t^JUr^'fb-r§o LfeA^oT. ^ 

(D?SJS^'fbs^/W(DTO^^'fbSha5r«t»'&*3-<±T$iJ^^«C O N TIZlBtt U 
Tfc<i:> AF^tb^SI 0 0$:{^oTlttB^tLfe3':d--:^7.fiLgZi. ZglZlS 

Mti^m\znt^-ftiLL-c^3^^h^o ^tz. mm^n^iz-t^rdsbiz. m5 



16 



wo 2004/053957 



PCT/JP2003/015736 



1 ) o 

»^SCONTii. ^Bi^itiity^-iDXitLmz.tZiiKom (Z1-Z2) 
^^Isb. "^isbm^^ti-Cl^^y^-^XiMMCD^i^m (Z1-Z2) ii>i^^5 0CD 

(X7^^i>zrs2) o 

^A6iBitLTl\^±i35* (3) . (4) ^^^Tx ;^-x'vrS 2T*a& 

rMffm^itm A n J: o i; Xmn^itM A 0 , 5& . ^CD A 0 1 11*^ 

urmi cD^tdJ^L 1 izJi^y^-ti^iiLWiCD^tiim^MAd.^ii^ib^o ^lt. 

^(Dlttai^^SAcI 1lC»o•t^Tx mi CD^tJbpfeL 1 ^ffi l^T^al^t^fe»S 
®cD7:?h-:b;^(i^ZifetiiEL. S*5POTcDl||^CD7?*-±»;^tiLS (®fiL«it 

^ UT. mmmmc o n t mie l^^^s p^McDMtiLm'ts$Ri3So*ivTx c: 
(D^m\z^'o^ibt:i^^P(Dmm^^mtt^-^-t^<i:^iz^ m^xy^—yp s t 
ykmW}\^xmmt&mP(Dmmsii(D{iLW:m^.^mm-t^ {^.y^^^^ysA) o 

tc. zzi!itmi$^5 oitHTi^^niQ^tiK mi^^mmzm\:'rcmmm^^isbmm^ 

tirt>5o mi (I>=^iti7feL 1 *^oT^m*tl7fe"7:!l--:^;^CEMZiTfife 

<. 02(Z)^ai^L 2^i^-:^r^tai^tLfe7;it--^XfeSZ24^iiEUTfSorfe 

17 



wo 2004/053957 



PCT/JP2003/015736 



St7fe*^^e>ti§ck-5(3. Mlz:»*L<l±. ^tti^feL K L 2(D»*5Prai3^-r2> 

Mm\zn LxmMmt^±^ <Mi\:.-t^t:iisb. mi^^eocD'^mt immmmt) ^ 
z:-5Lr. ^shS^SPoD^SShS^ife^-ityce. $iJiP^sco n m^'x^ 



18 



wo 2004/053957 



PCT/JP2003/015736 



m^fiBM^n^izmi^. }Ei^mt\zj:K)mi^5 0(Dmi!f^t<^mir^t. -^^^ 
M(DA-^ p 5 0^^ LTStH p \zM^-t^n. mm. p 

So $iJ^^fiCONTIi. BulBAF^tBMMI 0 0 ^<SoT*tofe>lS<*:5 0(D®#f 
miff^^it C^^mt) iC^oT. Jt^-><Dm(D7.*T-*J>'^'^T^7.h-Sy3 

L 2^^3&i)ASt^aix 0 2T?S*5Pro^®s(3^lt-^sz:^7?s dtie^^jii 
K L 2iz&^ <mitm.'m^(Dm^mm^mi^x^iii^(D%^±izw^i-^m 

ti^ao' :fej@x.Tl^5/i:&. is^B^ ^ m mzT ^t^lsb IZ. WO^ 5 0 izmiff^^it 



19 



wo 2004/053957 



PCT/JP2003/015736 



aODtbs i n i n ©21*-^) o ^(D^oUm'^\Z.\t. m^P(DZl5\^^ 

(D^%Jk<D%miimUtj:l5\p\(Ot^mt(Om% (0!lx.(^x s i n0,/s i n0 

^^^^ p L (o%mm\zmM- tir t > 5 ^^m^oD^® J^tJt-r 5 t ^^"e # 5 o 

Yl^_4f^ 9 3 nm) ^fflufe^s P±T(i 1 /n ^ -Tto-feiji*] 1 

3 1—13 4 nm^J^(C^I;M<b^nT;St^^^Jt*^^#e>;t^?>o ^;^JI^Jgli 
^^4'(z:lt^T**)nf&x -r&t»^**3l . 4 4 — 1 . 4 T^S^JglZte:^;^ ti^fetox 

if.mmm-c\±. ^u%^^^p \-(D%mmi \z[-^. ±x!iu^j;-5[c:. ^TtTtEL 



20 



wo 2004/053957 



PCT/JP2003/015736 



U"?. s 5 o^<D^m^(Dnmt^ t:izmm Lr>^#: 5 0 iz^^mt^%mm 
^(Dmmm^^^t^ibs ^(D^^m^^^mmz^i^i-^is^mt^^^tK zcd^^ 
m^^^mtj^w-nw^mmt-t^ziiizj:, <o . \y>xizit^x^^u^a(Dzix htm 

<. Rr:>^mzWt^^m^^<-t^Ziit<l:^. y^>'ri->7.nx h {^>-> 
^tz. mi^5 OCD^ICchoT^D^i^i^^^mP L(7)$fel^©^^^-?^hS^P 



21 



wo 2004/053957 



PCT/JP2003/015736 



13. urcD* A*-±r^ X utS^ p s I3^s* ^ n% z: h Id 

«:3b\ :*:||]M5m^T(i> iSj^^^^P L©$feS^®7 i:»fiP©5fe® S hCDP^CD^g 

5 6 i3>i^#: 5 0 tmtct ti-ci^^m-^^miz i^Timm ufcA^ s e 5 

(P F P E) :t-1';U^(D)?^#:*^#^b'CUTt»<tUo ^1*13. MT^^iiLTFg U- 

«M s i3^st Lfe^ai3fei3So*# . jft^±izw^t:hm^it^mm^'<^y -^m^^ 
^iij^cDfes^-f*:. m¥tj^h:(o'im^^xfmw(oi^^mtm^i5mzmmir^zt.t^ 

^^i^p L0DS*/f^t.igJt^^bic:#ort)-rAM3^<b-rSo zicDit^ts 

3&?> Ait^G)=^{±J7feG)^tl^tll3S^<^^M^^i&^Z:hT'x ^^3te^^P LCD 



22 



wo 2004/053957 



PCT/JP2003/015736 



mz.. i2i6?S:#MLJfe*<e>. AF^iii^^i 0 0(Dm2mmmm\z■Dl^Tm^^-t 
;U^ 2 4 7!)^i£lte>tLi:ui.;^-efe§o i^^^Sli. ^fejJil Oii. :Mcjli1 o*^e>lt£ti 

^KM^^ilE^v'J > KU::^>'Ub>X2 1 i:. ^'T ^ □ ^ 2 6 X'J 

«y h*t(Dr»aPgP^%-r-SS^X 'J 'J/ S 2 2 a. 2 2 b 'J zi > • 7^1- 

h • ^-f :t- K*^e.«:5§:)fe-t>-b-2 3 a. 2 3 b i:«:il^rt>So 

0D;^«^#-r?)^1 (D^tB^L 1 mi (DM«t(iS*:i.m2(D)^:^:&*-r^m 

^^Jx.(i\ )S#:5 0^7)c^ Ls miODltttl^L 1 iiUTC^g (M:^6 5 6. 3 n 
m ) mk^^^. m 2 (D^th^ L 2 h UT d 5 8 7. 6 n m ) tt 



23 



wo 2004/053957 



PCT/JP2003/015736 



sts p mm-c^mLt^^m^ l i rttzr ^li^^^tis^^ 9 izxm-t^ « 

>-t^ 2 3 aClAttLs ^ □ -T ^ ^ ^ - 2 6 T;^!* U feJSSt^ L 2 rlig^-b 
>V-2 3 blZXm-t^o ^^-lz>+J-2 3 a. 2 3 bCD^ttbil^mii^ti^tL^iJ^^a 

coNT(3ai:^^tis f^^mmmmmm^z. mw^ocDmimmn^^ib^ztt^ 

1 tm2©iS:S©1^aj^L 2^*^4x^tL^SI;:S*5P^®lCAtt^H±««fc 
-5l^:-r;t^(^«fct^o 

mirimir^mm^'^ -1 9t. 'JU-U>X20i:. ^N,'^i|XSMiEffl 5> 'J > K 'J 
zi> ■ y^h • K*^e3&-S§7te-tz>-t>-2 3i:^ii^TU-i)o 

^*li)^^(D-aJ*iflPSP2 5 A^'ft-LTmi^^-\t^o t-3&t>-fe. ISIB (a) . 

(b) izmmmzTjk-t^oiz. m^$m2 5^^yt?h(D^ntmmijmz^$mLx 
yc^^m^m-t^zt-c, &mP(D^msizn-t^^th9t(Dxm^^m^izmtj::^ 



24 



wo 2004/053957 



PCT/JP2003/015736 



^ib^ziit^ir^^o tfev ms (a) tms (b) t<D^m^t^izm*)M-tz 
pt(Dm<DMW5 0(D}^mim^m)mmit-t^ziit<^miitj::^o 

§ckaiz:LTUSA<s StRPCD^BlZlRaet's mi«*fi;^7^-5>-P S T±(3Ji5^S 
^*^Tt^i)S*¥®•^■l2 >l^©±®^^^®fc ur^m^^iftS^-rSctdi:: L-rt, 

(Di^^\t. mkcDjmm-^itmm {^^m.mtmmL) ^m^ztt^-n^^o^i:. zh 



25 



wo 2004/053957 



PCT/JP2003/015736 



Ma)M7t^S®«it;Ri;^S7fei!llt(ix 1 0-1 6 309 Q-^RZf^m 

^1 0-2 1 4 7 8 3^ (Ml^^H^ltfFe, 34 1, 0 0 7. 6, 4 0 0, 4 4 1\ 
6, 54 9, 2 6 9JSLXfe, 5 9 0 , 6 3 4 ) . 2 0 0 0 - 5 0 5 9 5 8-^ 
W/;S^H#fF5, 9 6 9, 44 1) &^l^lt^mnW^6 , 2 0 8, 4 0 7(3^3^ 

12437 s-^^a^gi^. ::^-x-s--±(c:Fif^^^©J^Wf ^^^i^gt 

T^oxt'icats^i^jf-ri.jsjis^^^i^ouTid;, m^immw-'i 0-3031 



26 



wo 2004/053957 



PCT/JP2003/015736 



1 4#5j$e^^H#i^^5 . 8 2 5, 0 4 3 iZ^ti^etimfF^HTiS K> . 

T^^S^v Mlii?tl^^'N«y K\ (CCD) ^^mtl^"^^ JlXit^X'^t^ir 

felEa^>?±MCDt■■fee>^ffit^T«fe«t^^o ^::^7^-5>*P S T . MS TIi. iS^ 

'fe,J;t^o :^5^-i>*(3U-7'^-^S7^ffl^^fe^!)^is ^lll#i^5 , 6 2 3, 8 5 3;5it>* 
5,5 2 8,1 1 8(C|g^^tiTfci9. ^ti^ti^^^mmiUmT-m^^tzltMiR^ 

:A:£DiBtltOD-aJi:-r§o 

hi:fl:l^^j.-»v hiicDt^-rn*^— :^^;^T^-vP s T. MSTi^i^j^u. m 

:&ZL-»i/ hh^^^iL-.y hi:(J)fte$:;^5^-vP S Ts M S T CDf$ii!)®{|iJlz:iSlt 

mmi^mit. mxit. i^mm^s , 5 2 8, i i s (mi^s - 1 e e 4 ? 5-^5^ 



27 



wo 2004/053957 



PCT/JP2003/015736 



i> 19 13 *J t ^ r s z ©:A:i^(DiBt)ti*i^5S: Sffi u T^isi^ccDiBigtD— ^ i» o 

iik±(oj:^{z. :^smmmm<Dm^^m:Exit. :$imMmm(Dmmizm[fi^ti 

iz. zcDmsf-iLTCDmkizit. ^m%^mzz3i^xit^^ifi}n^^mm-t^t:iisb(D 
mm. ^mmmmz^i^xitmMd^^i^&^mj^-r^itisbcDm^. '&mmm.mz-z>i\ 

xjim(D-miz^ ^v-y->x5'Mm^(Dm^sLXJMt^^^ziiitmoi^'^t,^i^o 

x-r XfJM. /tv>r-i>'xg:&^t;) 2 0 5^ ^SX7^'y^2 0 Q^^rnxm^ 



28 



wo 2004/053957 



PCT/JP2003/015736 



29 



wo 2004/053957 



PCT/JP2003/015736 



6 . TX>7(D/t^ - >^fS^7fe^.^^^ UTat5±l3^^ LXtm&^t:m9ft 

(Dmi^m^^^ihi-^m^m 1 s feii 2 iznEm(Dm{iLm.^tiimm.o 



30 



wo 2004/053957 



PCT/JP2003/015736 



8 . tm^^a^^ih^coxmn e 30° < 0 < 9 0 • ©^fii^^jtfe 

1 3. MIB^tbTfelix BtftBiSi^^^m(3^*tl§7fe^m?0D-gIJ«:^UTBinB^ 

*5«®(3iSI*^;lx55i*3l7^fcli1 0(::IB«cD^^:?^^o 



31 



wo 2004/053957 



PCT/JP2003/01S73€ 



1 4 . mm^mmniz&'^^^T:. mm^B^^^cDmrntwitm^mMtcDiiL 
1 8. tm^m^^^^-t^ziiizji^-cmmi^cDm^^^'it^^thL. mm 

1 9 . ikm%^mzJ:y)mi^^i\^LXJt^-><Dm^&milzi^CT:. 

ms9t^^tmKt.(Dri\(Dmp^(D}^^mm^ytm^iz^t^-t^ ztt.-, 

2 0 . nmmw^it'LTmm^mmiz^iii^^^m-^tii'^iz, mmwim 
^tii-r?.ti*Ji 1 Qizmmom^ij'^o 

tmm 1 9 i3iB«tOD^^:&^o 



32 



wo 2004/053957 



PCT/JP2003/015736 



2 2. tuiB?SJg'tt$glISo•t^r^ BUiB**S±lC:JSi^^tLi)A'^->(Z)a<X)$S^t^ 
2 5. m^mi. 1 OSfelil 9lc:IBtt©Mpfe7^^^:ffit^§■x/WXi^ag:)^a5o 



33 



wo 2004/053957 



PCT/JP2003/015736 



Fig. 1 




wo 2004/053957 



PCT/JP2003/015736 




2/9 



wo 2004/053957 



PCT/JP2003/015736 



Fig. 3 




Fig. 4 




xmn e cdeg] 



3/9 



wo 2004/053957 



PCT/JP2003/015736 



Fig. 5 

























m%t\z 











f 











SI 



S2 



S3 



■S4 



4/9 



wo 2004/053957 



PCT/JP2003/015736 




5/9 



wo 2004/053957 



PCT/JP2003/015736 




6/9 



wo 2004/053957 



PCT/JP2003/015736 




(b) 




P 



7/9 



wo 2004/053957 



PCT/JP2003/015736 



Fig. 9 



201 



202 



204- 



203 





r 















205- 



206 



(tii m 



8/9 



wo 2004/053957 



PCT/JP2003/015736 



Fig. 10 

(a) 




9/9 



INTERNATIONAL SEARCH REPORT 



Intemational application No. 

PCT/JP03/15736 



A. CLASSmCATION OF SUBJECT MATTER 
int. CI'' H01L21/027, G03F7/20 



According to Intemational Patent Qassification (IPQ or to both national dassification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by dassification symbols) 
Int. CI'' H01L21/027, G03F7/20 



Documentation seaiched other than minimum documentation to the extent that such documents are induded In the fields searched 
Jitsuyo Shinan itoho 1926-1996 Toroku Jitsuyo Shinan Koho* 1994-2004 

Kokai Jitsuyo Shinan Kbho 1971-2004 Jitsuyo Shinan ToroJcu Koho 1996-2004 



Electionic data base consulted during the intemational search (name of data base and» where practicable^ search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


X 


EP 1037117 A2 (ASM LITHOGRAPHY B.V.)/ 
20 September,. 2000 (20.09.00) , 
Par. Nos. [0038] to [0046]; Fig. 8 
& JP 2000-323404 A & TW 490596 B 


1 


X 


JP 8-82511 A (Fujitsu Ltd.), 
26 March, 1996 (26-03.96), 
Claims ; Figs . 1 to 3 
(Family: none) 


1 


X 


JP 6-331314 A (Sumitomo Metal Mining Co., Ltd.), 
02 December, 1994 (02.12.94), 
Claims; Fig. 1 
(Family: none) 


2 



Px] Further documents are listed in the continuation of Box C. See patent family annex. 



* Special categories of cited documents: 

"A* document defining the general state of the ait which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the intemational filing 

date 

"L" document which may throw doubts on priority claim(s) or which is 
dted to establish the publication date of another citation or other 
special reason (as spedfied) 

"O** document referring to an oral disdQsute, use, exhibition or other 
means 

"P^' document published prior to the intemational filing date but later 



**T* later document published after the intemational filing date or 
priority date and not in conflict with the application but dted to 
understand the principle or theory underiying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the ait 
document member of the same patent family 



Date of the actual completion of the intemational search 
22 March, 2004 (22.03.04) 


Date of mailing of the international search report 
06 April, 2004 (06.04.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



INTERNATIONAL SEARCH REPORT 



Intemational appUcatioii No. 

PCT/JP03/15736 



C (ConUnuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Catcgpiy* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


29 October, 1993 (29.10.93), 

Claims; Par. Nos. [0042], [0043]; Figs. 2, 19, 20 
(Family: none) 


2 


A 


TT> c on Anno tv /kti?/^ r^i^i^n \ 
JP D— oU^U/Z A vwt:»^ uorp.y, 

16 November, 1993 (16.11.93), 

Full text; all drawings 

(Family: hone) 


1-25 


A 


JP D"1^4o /o A (canon jxaousniKi jxaxsnct; , 
06 May, 1994 (06.05.94), 
Claims; Par. No. [0015]; Fig. 1 
(Family: none) 


1-25 


A 


JP 6—1688 66 A (Canon KaousniKi ixaisna; , 
14 June, 1994 (14.06.94), 
Full text; all drawings 
(Family: none) 




A 


JP 7-220990 A (Hitachi, Ltd.), 
18 August, 1995 (18.08.95), 
Full text; all drawings 
(Family: none) 


J.— Zt 


A 


JP 10-255319 A (Hitachi Maxell, Ltd.), 
25 September, 1998 (25.09.98), 
Full text; all drawings 
(Family: none) 




A 


EP 834 / /o AZ (NIKON CORF.;, 
08 April, 1998 (08.04.98), " 
Full text; all drawings 

& JP 10-154659 A & US 5825043 A 




A 


JP 10 — ^Uoll4 A (N1J\UIN l^UKir . ; , 

13 November, 1998 (13.11.98), 
Full text; all drawings 
(Family: none) 


1-25 


A 


22 December, 1998 (22.12.98), 
Full text; all drawings 
(Family: none) 


1-25 . 


A 


JP 11-176727 A (NIKON CORP.), 
02 July, 1999 (02.07.99), 
Full text; all drawings 
(Family: none) 


1-25 


A 


WO 99/49504 Al (NIKON CORP.), 
30 September, 1999 (30.09.99), 
Claims; page 5, lines 20 to 21; Fig. 1 
& AU 2747999 A 


1-25 



Fonn PCT/ISA/210 ^continuation of second sheet) Oulv 1998) 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP03/15736 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


A 


JP 2000-58436 A (NIKON CORP.)/ 
25 February, 2000 (25. 02.00) , 
Full text; all drawings 
(Family: none) 




1-25 


A 


US 6124601 A (Canon Kabushiki Kaisha) , 
26 September, 2000 (26-09.00), 
Full text; all drawings 
& JP 9-167737 A 




1-25 



m^fUmt-^ PCT/J P0 3/1 5 7 3 6 



A. mm<»m,-t^^m<ofm mmum^ (i po > 

Int.Cl' H01L2i/027, G03F7/20 



|l8**tfofcAk'MS2^ m^tl^^m (IPC).) 
Int. CI' H01L21/'027, GO3F7/20 



H*@llffi3Sf3fe^ 1926-1 996^ 

B3tcH^PS*ffl«rlS^# 1 9 7 1-2004^ 

uimmLmmmm^^m 1994-2004^ 

B3f:HII^^^^®^« 1996-200 4^ 



X 



EP 1037117 A2 (ASM LITHOGRAPHY 
B. V. ) 2000. 09. 20. Wt^ 0038-0046, HIS 
&JP 2000-323404 A&TW 4905 96 B 

JP 8-82511 A (S±a^#^) 

1 9 9 6. 0 3. 2 6. #Wlff*<^«5ffl. 131-3 

b) 

JP 6-331314 A m-^^m^S^^^^^) 

1 9 94. 1 2. 0 2. #fFlt*«>*Sffl, 01 (:7t ^ V — JJcU) 



to 



r&j iSj--/-«7' V h 7 r 5 y 



Sll^aficSrS^T Lite: B 



22. 03. 2004 



06. 4. 2004 



B*Bi#?f;r (I sA/j p) 

S<S!«-9-l 0 0—8 9 1 5 



Sid 



2M 



8 6 0 5 



03-3581-1101 (*5iR 3 2 7 4 



«I«PCT/I SA/2 1 0 (Sg2'<-i;) (1 9 98^7^) 



B^mSft-i- PCT/JP 0 3/1 5 7 36 



C (Mtl 



X 



A 



JP 5-280929 A (^-^ / l^W^^^) 

1 9 9 3. 10: 2 9, !^ffm-^(Om^, ^1^0 0 4 2, 0 04 3 

, 19, 2 0 (^r^y-Jfeb) 



JP 5-304072 A ( B 

1 9 9 3. 1 1. 1 Q, ±X, ±m (•7r^V—ti:U 

JP 6-124873 A{^^/>'W^^) 

1 9 94. 0 5. 0 6. i|#l^iS^O|Sffl, SiS^OOlS, 0 1 (7 

JP 6-168866 A (=¥^/:xt*^^^t) 
1 9 94. 0 6. 14, ±X, r^ia (^r^U^'feb) 



JP 7-220990 A m^'^^&^mi^m) 

1 9 9 5.0 8. 1 8, -^X, ±m (:7r%V—ti:V) 



JP 10-2 55319 A (Pil-^iJ'-fe/V^^^^h) 

1 9 98. 0 9. 2 5, ±m (:7r5y-«JU 

EP 834773 A2 (NIKON CORPORATIO 
N) 1998. 04. 08, r^m& JP lO-15465 

9 A&US 582504 3 A 

JP 1 0-303114 A (i^^tt^^ 

1 9 9 8. 1 1. 1 3, ±:SC, ±!m i77^V—^V) 

JP 10-340846 A (^Sfe^^^t— = >-) 
1998. 12. 22, ±X (.^r^V U 

JP 11-176727 A (*5fe^^tt^3 >-) 
1 9 9 9. 0 7. 0 2, ^X, (^T^V—fiV) 



WO 9 9/4 9 5 0 4 Al (**^^*t^ =J >') 
1 9 9 9. 0 9. 3 0, Sf^nni^<Dm^, m5Mm2 0-2 1^T, 
®1&AU 2747999 A 

JP 2000-58 4 36 A iW^^^^='^^) 
200 0. 0 2. 2 5,:^, ;^® (:7r5y^^£U 

US 6124601 A(Canon Kabushiki 
Kaisha) 2000. 09. 26, ^X, ±m& J P 9-1 
6 7 7 3 7 A 



1-2 5 



1-2 5 



1-2 5 



1-2 5 



1-25 



1-2 5 



1-2 5 



1-25 



1-25 



1-2 5 



1-2 5 



1-2 5 



«ISCPCT/I SA/'2 1 0 (m2^— 



(1 9 9 8^7^) 



